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ABSTRACT 

Twenty-two proposal competit ions fo r  government R b D 
contract, invo lv ing  156 proposal teams,orn examined t o  de- 
t e n ' m  t h e  r e l a t i v e  use of three sources uftechnical in fo r -  
mation. The extent t o  which each proposal team relied upon 
l i t e r a t u r e  search, t h e  use of  s t a f f  s p e c i a l i s t s  w i t h i n  the  
Iccbandthe use of outside sources of lnfu-matfon i s  r e  I a ted  
t o  t h e  rated technica l  qua l i t y  of i t s  proposal, and t o  
o ther  var iab les character iz ing tho'  proposal team and i t s  
parent laboratory. 

Twenty-two percent of the  t o t a l  t ime expended by 156 
proposal teams was devoted t o  t h e  seeking and gather ing of 
technica l  Infonnation. O f  t he  th ree  informat ion sources 
used,only one, laboratory special I st5, appears t o  be a t  a1 I 
d i r e c t l y  re la ted  t o  t h e  technical  q u a l i t y  of the  product 

ca l  q u a l i t y  
the prcpos-a'I 
aboratorv as 

8 n d t h i s ~ r e I a t I o n  i s  weak and unrellable.Techn 
i s  inverse ly  re la ted  t o  the extent  t o  which 
team r e l i e s  upon 
sources of information. 

Ind iv iduals  outs ide of the  

. 



I ntroduct I on 

Analysis of the  ef fect iveness of the  na t iona l  research and de- 

velopment e f f o r t  d i r e c t s  a t ten t ion  t o  the process of informat ion 

t ransfer-- the generation, storage, sumnarlzation, and r e t r i e v a l  of 

the  ideas and data of science and technology. The repor t  o f  the  

President 's Science Advisory Committee on Science, Government, and 

Jnfonnation (1963) stresses the essent ia l  p o i n t  t h a t  "the i n fo r -  

mation process I s  an in tegra l  pa r t  of research and development. 

Research and development cannot be envisaged without communication 

of the  r e s u l t s  of research and development; moreover, such c m u -  

n i ca t i on  involves i n  an int imate way a l l  segments of t h e  technica l  

comnunity, npt  only the documentalfsts. 

"We place special s t ress upon what seems an obvious po in t  be- 

cause, i n  t h e  e a r l y  days o f  science, the  problem of communication 

could be managed casually. Each ind iv idua l  s c i e n t i s t  could work 

ou t  h i s  own p r i v a t e  communication system, su i tab le  t o  h i s  own needs, 

and, since the  requirements were r e l a t i v e l y  small, t h e  whole matter 

could be t rea ted  ra ther  inc identa l ly .  But w i th  t h e  growth of  science 

a casual a t t i t u d e  toward communication can lead on ly  t o  i n s u f f i c i e n t  

comnunication, Sc ien t i s t s  ind iv idual ly ,  technica l  societ ies,  agen- 

c ies  support ing research and development, w i l l  have t o  recognize t h a t  

adequate comnunication no longer canes free. Communication cannot be 

viewed mevely as I ib rer ians '  work, t h a t  is ,  as not  rea l  l y  p a r t  o f  

science. An appreciable and increasing f r a c t i o n  o f  science's resources, 

inc lud ing deeply motivated technical  men as we l l  as money, w i l l  in- 
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evltably have to go into handling the information that science cre- 

ates" (p. 14). 

The overriding questions of the design and scale of information 

systems can only be solved, however, with better knowledge of the 

information needs of the users and an understanding of the role which 
- 

technical information plays in research and development. A first 

step in this direction is the measurement of both the relative de- 

pendence upon and benefits derived from specific sources of infor- 

mation. Information handling serves two principal functions: ( I )  

management; i.e. direction, coordination, reporting, and control, and 

. (2) technical problem solution. This report i s  concerned primarily 

with the second function. Following Menzel (1962) the study con- 
I .  

siders the use of and interaction among three general sources of tech- 

nical infomation. 

Previous studies have asked researchers, by interview or ques- 

tionnaire, what knowledge they needed, what sources they made use of, 

and what function the information served (Brownson, 1960). These 

studies have been analyzed and compared In a monograph prepared for 

the National Science Foundation by the Bureau of Applied Social Re- 

search of Columbia University (1960). Other work has dealt with the 

reading behavior of scientists (Hensley, 1962; Scott, 19621, and the 

flow and use of Information and ideas in unlversity and industrial re- 

search (Bureau, 1958; Rubenstein and Avery, 1959; American Psychol- 

oglcal Association, 1963). It should be noted that the judgment of 

the researcher has been the only criterion of the value of the infor- 

mation. In this study, an objective, external evaluation of so- 
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l u t i ons  is re la ted  t o  the  information source u t i l i z e d .  

COMPARISON OF INFORMATION SOURCES 

Research on research I s  i n t r i n s i c a l l y  d f f f l c u l t  because t h e  

The outcanes of d i f f e r e n t  pro jects  cannot be  d i r e c t l y  compared. 

oppor tun i ty  t o  ob ta in  rep l i ca t i on  of attempted so lut lons t o  the  

same research problem i s  rare. 

dertake t o  solve the  same problem a t  t h e  same t ime (same s ta te  of 

knowledge). Th i s  i s  inev i tab le  because any research study attempts 

t o  perform a unlque task. 

solved it is, by d e f i n i t i o n ,  not a research problem. Yet i n  order  

t o  r e l a t e  exposure t o  information channels w i th  performance, an 

instance must be sought i n  which the  same problem Is attempted by 

t w o  or more research groups. 

Seldom do two or more groups un- 

If t h e  problem has prev ious ly  been 

The present study u t i l i z e s  a r e l a t i v e l y  unique s l t u a t l o n  i n  

whlch simultaneous p a r a l l e l  research a c t i v i t y  ex is ts ,  t h a t  of 

the  government-sponsored R 6 D proposal competlt ion. 

I n  contract ing for research and development, a government 

agency o f t e n  s o l i c i t s  proposals from a number o f  f i rms  having pre- 

v lous experience or in te res t  i n  t h e  re levant  f l e l d  of endeavor.. 

The technica l  s ta f f  of t h e  agency draws up a work statement de- 

sc r ib ing  t h e  mission the  system Is t o  perform and s e t t i n g  f o r t h  

ce r ta ln  c r i t e r l a  t o  whlch the design must conform. Th is  work 

statement i s  incorporated In a formal Request for  Proposal (RFP) 

which i s  sent t o  t h e  chosen f i rms. A per iod of 30 days t o  s i x  
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weeks i s  usual ly  allowed f o r  the f i rms t o  prepare t h e i r  responses. 

A response w i  I I general l y  canpri se three sections: 

management and cost. 

technical ,  

Thts study 1s concerned with t h e  i n f o m a t i o n  

sources employed during the preparation of t h e  technical  por t ion 

of the  proposal and with the  proposal's subsequent evaluation. 
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METHOD 

Data Co l lec t ion  
I 

Twelve contracts  were selected from t h e  f i l e s  of t h e  United 

States A i r  Force's E lec t ron ic  Systems Div is ion.  

Cambridge Research Laboratory was the  agency responsible for  tech- 

n i c a l  evaluat ion of the  proposals for these contracts. Ten con- 

t r a c t s  were selected from t h e  f i l e s  of the  National Aeronautics 

and Space Administrat ion's Marshall Space F l i g h t  Center (MSFC); 

t h e  proposals for  these contracts were evaluated by t h e  technlca l  

personnel o f  MSFC. The ten  USAF contracts  ranged i n  value from 

$I 1,000 t o  $556,000; the  NASA contracts  from $30,000 t o  $169,000. 

A t  both centers evaluat ions are performed by spec ia l l s t s  who eval- 

uate technica l  q u a l i t y  o f  t he  proposals separate from and Inde- 

pendent of t h e  cost f o r  which each laboratory proposes t o  perform 

t h e  job. 

both technlca l  q u a l i t y  and costr 

The A i r  Force 

Contract awards are made by others a f t e r  cdnsider ing 

Questionnaires were sent t o  t h e  managers of a l l  198 proposal 

teams competing f o r  the  contracts t o  e l i c i t  informat ion on the  

cha rac te r i s t i cs  of t h e i r  proposal e f f o r t .  Sat lSfactory  re tu rns  

were obtained from 156 proposal managers I n  112 f i rms. The number 

of r e p l i e s  for the  lnd iv idual  competit ions ranges from four  t o  

twelve w i th  a median of seven. 

I 
The twelve contracts  include t w c  which were studied and reported i n  a 
previous paper (A l len and Marquis, 19631, In terv iews were conducted 
w i th  most of the  21 proposal managers l n  t h e  pre l iminary study i n  order 
t o  t e s t  and re f i ne  t h e  questionnaire. 
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Data Reduction and Analysis 

The questionnaire asks the extent  t o  which t h e  proposal team 

members u t i l t z e d  each of three sources of information: l i t e r a t u r e  

search, spec la l i s t s  w i th in  the  company (but not  assigned t o  the  team), 

and outside sources (consultants, po ten t i a l  vendors, un i ve rs i t y  pro- 

fessors, etc.). Addi t ional  data are gathered on the  cha rac te r i s t i cs  

of t h e  proposal team, I t s  ind iv idual  members, and t h e  laboratory 

(Table I ) .  For cor re la t ions  wi th technica l  rank, a non-parametric 

measure, t he  Kendall tau  c o e f f i c i e n t  (t), (Kendall, 19621, has been 

chosen since the  data on technical  evaluat ions are i n  rank-order 

f o r m .  Th is  l i m i t a t i o n  does not h o I d 4 r u e  f o r  t he  other  var iables,  

and Pearson product moment cor re la t ions  (r) are computed for  t h e i r  

in te r re la t ions .  For  each proposal competit ion there are 4 corre- 

l a t i ons  wi th the  c r i t e r i o n  of technica l  qual l ty ,  and 37 in tercor-  

re la t i ons  among the  remaining var iables.  

I n  order t o  aggregate the data from 22 sets  of cor re la t ions  

i n t o  composite scores for each var iab le  a weighted average cor- 

r e l a t i o n  I s  employed (Moroney, 1956). This  method weights ind iv idua l  

co r re la t i ons  by using the  Fisher t t ransform and a measure o f  sample 

s ize  for  each co r re la t i on  (n -3, where n i s  t h e  number of obser- 

vat ions i n  each cor re la t ion) .  

1 i 
2 

I n  a survey of t h i s  sort, there I s  always t h e  danger t h a t  mis- 

s ing data w i l l  b ias  the  resul ts.  For  example, i f  the  42 proposal 

managers who f a i l e d  t o  return questionnaires were those who had man- 

aged very unsuccessful proposals (near .the lower extreme techntca l  

2 
For  a descr ip t ion  of t h i s  technique and de r i va t i on  of a method f o r  t e s t -  
ing  s t a t i s t i c a l  s igni f icance of weighted average corre la t lons,  see A l len  
and Marquis, 1964. 



TABLE I 

VARIABLES MEASURED IN THE STUDY 

Category Variable Number Oescr i p t  i on 

0 Technical qual i t y  

informat ion sources 
I 

I To ta l  t ime spent i n  consu l t ing  
w i th  informat ion sources(2+3+4) 

2 Time spent i n  I l t e r a t u r e  search 

3 Time spent consul t ing w i th  spe- 
! c i a l i s t s  w i t h i n  the  laboratory 

4 Time spent consul t ing w i th  
sources of informat ion ou ts ide  
of t h e  laboratory 

Other cha rac te r i s t i cs  of the  
proposal e f f o r t  

5 Level of e f f o r t  

6 Time spent i n  ana ly t i c  design 

7 Time spent i n  breadboarding b 
other  benchwork 

Character i s t  i cs of t h e  pro- 
posal team 

0 

9 

Proposal team s i  ze 

Level of education and expe- 
r ience of t h e  proposal team 

Charac te r i s t i cs  of t h e  parent 
laboratory , 

io  Si ze of technica l  s t a f f  

i l  Rat io  of technica l  s t a f f  t o  to- 
t a l  employment 

- 7 -  
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ranking) the  sample and resu l t s  would be biased toward more success- 

f u l  proposal teams. To t e s t  t h l s  p o s s l b i l i t y ,  the  frequency d is -  

t r i b u t i o n  w i th  respect t o  technica l  rank, o f  the  completed questlon- 

na l res  was tes ted  against  t he  frequency d i s t r i b u t i o n  of ranks i n  

the  t o t a l  population. A Kolmogorov-Smirnov One Sample Test  reveals  

no s i g n i f i c a n t  d i f fe rence between the  t w o  d i s t r i bu t l ons ,  

RESULTS 

Tota l  Time Spent i n  Consultlnq w i th  Informat ion Sources 

Research and development may be character ized as an i t e r a t i v e  

problem solv ing process, w i th  proposal preparat ion representing, I f  

no t  the  f i r s t ,  then one or several of the  e a r l y  I te ra t ions .  Each 

i t e r a t i o n  furthermore lnvolves a h ie ra rch i ca l  order ing of design de- 

c ls ions.  Each decision, f n  turn, I s  reached on t h e  basts of some 

quant i ty  of informat ion descr ib ing desired performance and t h e  en- 

vironmental and technica l  constraints.  Th i s  paper concerns i t s e l f  

w i th  the  sources of information employed l n  coming t o  design de- 

c i s ions  dur ing proposal preparatlon. 

The parameter, " t o t a l  t ime spent i n  consul t lng with in format ion 

sources", i s  defined as the  summation of t h e  t ime spent i n  l i t e r a t u r e  

search, and I n  consul t ing wi th techn ica l  special  i s t s  both w i th in 'and 

outs lde of the  company. 

by the  156 proposal teams was devoted t o  t h e  seeking and gather ing of 

informat ion from these three sources. To ta l  t ime spent consu l t ing  in-  

formation sources i s  unrelated t o  the  rated technica l  q u a l i t y  of t h e  

- proposal (Table 1 1 ) .  This  i s  t r u e  even when h igh l y  l n te rco r re la ted  var- 

Twenty-two percent of the  t o t a l  t ime expended 
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lab les such as, t he  leve l  of e f f o r t  i n  prepar ing the  proposal; t ime 

spent i n  ana ly t i c  design; proposal team size; or r a t i o  of technica l  

s t a f f  t o  to$al  employment are taken i n t o  account. It w i l l  be seen 

t h a t  t h i s  i s  a t  least  p a r t i a l l y  a r e s u l t  of r e l a t i o n s  between techn ica l  

qua l i t y  and ind iv idua l  sources of  informat ion which oppose and n u l l i f y  

one another. 

r e l a t i n g  each va r iab le  t o  var iables one, two and three (Ri,1,2,3 1 are 

computed and averaged over t h e  22 proposal competit ions. 

3 To overcome t h i s  deficiency, m u l t i p l e  cor re la t ions  

I n  case of tech- 

n i c a l  rank, such a procedure I s  not s t r i c t l y  legi t imate,  and t h i s  i s  

t he  p r inc ipa l  reason f o r  resor t ing  t o  a derived summation var iable.  

I n  addi t ion,  of course, the sumnation va r iab le  provides an i nd i ca t i on  

of d i rec t i on  and al lows the  computation o f  p a r t i a l  corre la t ions.  For  

var iab les other  than technical  rank, both the  m u l t i p l e  co r re la t i on  

c o e f f i c i e n t  and t h e  cor re la t ion  c o e f f i c i e n t s  f o r  t h e  summation v a r i -  

ab le  are shown I n  Table 1 1 .  

Slnce t h e  inves t iga tor  was s t i l l  in terested i n  gaining a t  leas t  

an estimate o f  the t o t a l  impact of the  three informat ion sources 

upon technica l  q u a l i t y  of the  proposal, t h e  i n v a l i d  assumption t h a t  

technica l  ranks form an in te rva l  scale was made and m u l t i p l e  corre- 

l a t i ons  performed. Given t h i s  assumption, t h e  three informat ion 

sources are found t o  account, on the  average, for  50% o f  t he  v a r i a t i o n  

i n  technica l  rank. 

The n u l l i f i c a t i o n  e f f e c t  i s  pecul iar  t o  the  way I n  which t h e  va r iab le  
I s  defined. Since it i s  the  summation of the  values o f  three o ther  v a r i -  
ables, i f  one of the  three var iables I s  d i r e c t l y  re la ted  t o  a fourth,  and 
one or both of t h e  remaining two are inverse ly  re la ted  t o  the  fou r th  va r i -  
able, then t h e  co r re la t i on  of t he  summation var iab le  wi th  the  fou r th  va r i -  
w i  II be somewhere between the extremes. I n  other  words, i f ,  for  example, 

= 0.50, r = -0.50 and r = 0, then -0.50 < r <0.50, where 
I ,4 2,4 3?4  5,4 

r 

var iab le  f l v e  i s  t h e  sunmation o f  var iab les  one, two and three. 



TABLE I I 
USE OF ALL INFOF7MATION SOURCES 

a 

Mean t ime consul t ing a l l  Information sources: 55 man-hours 
Median t ime consul t ing a l l  informat ion sources: 25 man-hours 
Range: 
Number of proposal teams: 
Number of proposal competitions: 

Relat ion of t o t a l  t ime spent cohsul t ing with 
informat ion sources ( 1 )  to: 

0. Technical q u a l i t y  of t h e  proposal 

5. Level of e f f o r t  

6. Time spent i n  a n a l y t i c  design 

7. Time spent i n  breadboarding and other 
ben chwork 

8. Proposal team size 

9. Average leve l  of education of proposal 
team iwt 

IO. Size of technica l  s t a f f  

I I ., Rat i o  of technica l  s t b f f  t o  t o t a l  
employment 

Pa rt i a I Cor r e  I a t  i on s : 

Technical R u a l i t y  w i th  level  of e f f o r t  

Technical qual i tyhwith t ime i n  ana ly t i c  
design constant (t 1,0,6) 

constant (tl,o,5 1 

Technical qual i fy w i th  proposal team 
s i t e  constant (t I ,o.8) 

Technical q u a l i t y  w i th  r a t i o  of tech- 
n i c a l  sfjaff t o  t o t a l  employment con- 
s t a n t  (t I ,om I I ) 

Time i n  a n a l y t i c  design w i th  level  of 
e f f o r t  constant (PI ,6.5) 

Level of e f f o r t 4 w i t h  proposal team 
s i ze  constant (rl,5,8) 

Proposal team s i ze  w i th  leve l  of  ef- 
f o r t  constant 1 4 

0-5 I8 man-hours 
i56 

sumat  I on 1 e f f i c i e n t  R i  .2,3,4 

-0.02 

0 . 5CF* 
0 . 4 P  

0.26* 

0.35* 

-0.07 

-0.06 

-0.36* 

-0 . 03 
-0 . 05 
-0.05 

0.05 

0.23 

0.71 

0.05 

* s i g n i f i c a n t  a t  0.05 level, WE s l g n i f i c a n t  a t  0.001 level 
- I O  - 

0.79 

0.83 

0.85 

0.71 

0.73 
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Time spent gather ing information i s  s t rongly  re la ted  t o  t h e  t ime 

spent I n  processlng it (analy t ic  design), even when level of e f f o r t  

is held constant (Table I l l .  P a r t i a l  co r re la t i ons  show t h a t  t h e  re- 

l a t i o n  between use of information sources and proposal team s i z e  i s .  

simply a r e s u l t  of t h e  fac t  t ha t  la rger  proposal teams engage i n  more 

t o t a l  a c t i v i t y  and use of information sources increases accordingly. 

Th i s  can be seen qu l te ,c lear ly ,  since t h e  co r re la t i on  between use of 

i n f o n a t i o n  sources and proposal team s i ze  disappears when con t ro l l ed  

for level  of e f f o r t  = 0.05); but  t h e  converse grows stronger 

The amount of t ime spent consul t ing informat ion sources Is in- 

verse ly  re la ted  t o  the  r a t i o  of technica l  t o  t o t a l  employment I n  t h e  

lab. Th is  Ind icates the  p o s s i b i l i t y  t h a t  laborator ies w i th  a higher  

propor t ion of technical-professional personnel are ab le  t o  assign 

englneers, who are more experienced or more competent i n  t h e  r e q u i s i t e  

technica l  area, and have to  r e l y  less upon external  sources of tech- 

n i c a l  information. The absence of a c o r r e l a t i o n  i n  t h e  case of edu- 

ca t iona l  level, can be in terpreted i n  t h i s  l i n e  o f  t h l h k i n g  t o  mean 

simply t h a t  t h i s  measure i s  inadequate t o  i d e n t l f y  competence i n  p a r  

t i c u l a r  technica l  areas. 

U t e r a t u r e  Search 

Publlshed I I t e r a t u r e  has t r a d i t i o n a l l y  been t h e  veh lc le  for t h e  corn- - arr i ved  a t  by arranging educational attalnment l eve l s  I n  t h e  fo l l ow ing  
o rd ina l  scale, and using rank order  corre la t ions:  
I, Ph.D. engineering or science 
2, M.S. engineering or science 
3. B.S. engineering or sclence 
4. 
5. B.B.A. o r  B,S. i n  Buslness Admin is t ra t lon 

No co l lege degree, but engineering Job c l a s s I f i c a t l o n  
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mun i cat  

w r i t e r  s i n  a pos i t i on  where he must be conversant w i th  the  

of- the-art  i n  many areas; he must search ou t  cues from a l l  f 

of science and technology. As a resul t ,  those engineers who 

p r imar i l y  engaged I n  new business areas must work continuous 

keep abreast of developments. 

on o f  s c i e n t i f i c  and technological f indings. The proposal 

state- 

e lds  

are 

Y $0 

I n  asking proposal managers t o  estimate the  number of man-hours 

spent by t h e i r  teams i n  l i t e r a t u r e  search, we f i n d  t h i s  t o  be one 

of the  most d i f f i c u l t  of our questions t o  answer. I n  many cases, 

the  respondent w i l l  make an estimate but then no le tha t  since t h i s  

i s  a cont inuing a c t i v i t y  it is very d i f f i c u l t  t o  accurately apport ion 

It among t h e  var ious pro jec ts  and proposal preparat ions which might 

be underway. 

Nevertheless, f o r  t he  sample, l i t e r a t u r e  search i s  t he  most 

heavi ly  employed means of seeking Information. It represents 52% of 

the  information gathering t ime and 1 1 %  of the  t o t a l  t ime i n  proposal 

preparation. No r e l a t i o n  i s  found i n  aggregate between I i t e r a t u r e  

search t ime and rated technical  qual i t y  (Table I I I ) .  O f  the  corre- 

l a t i ons  on ind iv idua l  competitions, on ly  two are s t a t i s t i c a l l y  s lgn i -  

f l c e n t  a t  t h e  0.05 level. One of these was pos I t l ve  (t = 0.75) 2?0 
and the  other  negative (t = -0.54). The absence of a r e l a t i o n  Is 

not  changed by accounting f o r  t o t a l  t ime spent i n  proposal preparation; 

t ime spent i n  consul t ing w i t h  laboratory spec ia l i s ts ;  or t ime spent 

consul t ing w i th  outside sources of I n f o n a t i o n .  

2?0 

L i t e r a t u r e  search i s  not used% t h e  exclusion of e i t h e r  of t h e  

other  informat ion sources considered. Thosteams which r e l y  more heav i l y  



TABLE I I1 
USE OF LITERATURE SEARCH 

0. Technical qual I t y  of t h e  proposal 

3. Time spent consul t ing w i th  spec ia l i s ts  w i th in  t h e  laboratory 

4. Time spent consul t ing w i th  outs ide sources 

~ ~ ~~ ~ ~ ~~- 

Mean t ime i n  l i t e r a t u r e  search: 28.4 man-hours 
Median t ime I n  l i t e r a t u r e  search: 15 man-hours 
Range: 0-450 man-hours 
Number o f  propose, I teams: I56 
Number o f  proposal competitions: 22 

0 

0.43- 

0 . 3 W  

7. Time spent i n  breadboarding and other benchwork 

8. P.roposa I team S I  ze 

9. Average level  of education of t h e  proposal team- 

IO. Size of technlca l  s t a f f  

1 1 .  Rat io  of technica l  s t a f f  t o  t o t a l  employment 

5. Level of e f f o r t  

6 .  Time spent i n  ana ly t i c  design 

0.23* 

0.25* 

-0. I 3  

-0.12 

-0.2 I* 

0.48" 

0. 18 

P a r t i a l  cor re la t ions :  
Technical q u a l i t y  (wi th  t ime spentAconsuIting w i th  
laboratory special i s t s  constant) (t2,0,2) 

Technical q u a l i t y  w i th  t i m e q m t  consul t ing w i th  out- 
s ide sources constant (?2,0.3) 

Technical qual i ty(w1th leve l  of e f f o r t  constant) 

(t2,0.5) 

Technical q u a l i t y  w i th  r a t i o  of technical  s t a f f  t o  
t o  t o t a  I emp toyment constant <C 1 

2,o. I I 
Rat io  of technica l  s ta f f  to t o t a l  employment w i th  
I eve I of e f f o r t  constant (;2, I I . 5 )  

0.01 

0.05 

0.04 

0.08 

- 0 .  13 I 

1 

* s i g n i f i c a n t  a t  0.05 level  
* s i g n i f i c a n t  a t  0.001 level  

+"+ Rank order  corre la t ions.  Refer t o  Table I I  for t h e  method of ranking 

- I3 - 
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upon the  l i t e r a t u r e  use a t  least  one of t h e  o ther  sources t o  a grea ter  

extent  as wel l .  

choice between t h e  other  t w o  sources. 

excess of $80,OOO (median price), teams r e l y  more on t h e  l i t e r a t u r e  

B I so used laboratt6r-y specia I i s t s  more; on proposa I s  for cont rac ts  

which were less than $8O,OOO i n  value, teams uslng t h e  I i t e r a t u r e  more 

consulted outs ide sources more. 

t h a t  t h e  larger  contracts  a t t r a c t  la rger  labora tor les  and these have 

t h e  s t a f f  ava i l ab le  f o r  technfcal  consul tat ion.  Smaller f l r m s  seek 

informat ion through the  I l t e r a t u r e  and through o the r  sources ou ts ide  

Ttle nature of t h e  cont rac t  being sought a f f e c t s  t h e  

On proposals fo r  cont rac ts  i n  

Th is  may be a t t r i b u t e d  t o  t h e  f a c t  

of t h e  lab. 

Larger laborator ies and those w t h  a higher  r a t i o  of engineers 

and s c i e n t i s t s  spend less t ime w i t h  he l i t e ra tu re .  Presumably these 

labs are ab le  t o  form pmposal teams w i th  a h igher  leve l  of education 

and experience and t h e l r  members are e i t h e r  ab le  t o  r e l y  more upon 

informatbn galned through t h e i r  education and experience or are  more 

o f f i c l e n t  i n  t h e i r  use of the  l i t e r a t u r e .  A weak inverse r e l a t i o n  be- 

tween l i t e r a t u r e  search t ime and leve l  of education innds t o  support 

t h i s  p o s s i b i l i t y .  

F igure I i l l u s t r a t e s  t h l s  s l tua t lon .  Each p o i n t  i n  t h i s  f l g u r e  

represents t h e  average value across tho  22 proposal compe-t-itions of 

t h e  normalized t lme spent I n  l i t e r a t u r e  search by proposal teams p lac ing  

i n  a given rank. 

t h e  mean value for  a competit ion i n  o rder  t o  a f f o r d  comparabl l l ty  among 

t h e  22 competit lons. 

teams deviated s fgn i f4can t l y  frm t h e  mean t ime (1.0 on t h e  abscissa) 

for  i t s  p a r t i c u l a r  compriititlon. 

Actual man-hours reported are  normalized r e l a t i v e  t o  

It i s  read i l y  apparent t h a t  none of t h e  proposal 
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Time SDent w i th  Laboratory Spec ia l i s ts  

A l l en  and Marquis (1964) have discussed the  economics of the  as- 

signment o f  personnel t o  the  proposal team. They show t h a t  very o f t e n  

it i s  undesirable o r  impract ical  t o  assign t h e  best t a l e n t  i n  a lab-, 

o ra to ry  t o a  proposal team on even a part- t ime basis. There are  many 

reasons for  t h i s .  The expected gain from t b e  proposal may no t  ap- 

proach the  oppor tun i ty  cos t  of removing these men from other  projects;  

the  po r t i on  of t h e  work ac tua l l y  requ i r i ng  t h e i r  t a l e n t  may be qu i te  

smal I; o r  it may be more desirable t o  fo rce  o thers  t o  increase t h e i r  

knowledge i n  a p a r t i c u l a r  area and the  w r i t i n g  of a proposal (s ince 

it w i l l  be evaluat6d) provides the necessary mot iva t ion  t o  accomplish 

t h i s .  A t  any rate, t h e  best men are o f ten  not  assigned t o  t h e  pro- 

posal teem. They are, however, general l y  aval tab le t o  the  proposal 

team members f o r  advice and consul tat ion.  

p a t i b l e  w i th  the  above object ives and may s t i l l  be an e f f i c i e n t  

means of b r ing ing  the  necessary t a l e n t  t o  bear upon t h e  proposal. 

Such a compromise i s  com- 

To determine the  extent t o  which t h i s  p rac t i ce  f s  followed, the  

survey asked proposal managers t o  estimate the  number of man-hours 

which t h e i r  men spent i n  consul t ing w i th  s p e c i a l i s t s  w i t h i n  t h e  lab- 

o ra to ry  who were no t  assigned t o  the  proposal team. Use o f  s p e c i a l i s t s  

w i t h i n  the  laboratory represents 31% of t h e  informat ion-gather ing ef -  

f o r t  on the  p a r t  of t h e  proposal toems and 7% of t h e l r  t o t a l  e f f o r t .  

Resul ts of the  p i l o t  study o f  two proposal compet i t ions (A l l en  

and Marquis, 1963) suggested t h e  hypothesis t h a t  techn ica l  q u a l i t y  i s  

d i r e c t l y  re la ted  t o  the  extent  t o  which func t iona l  spec ia l ids  w t th in  

t h e  laboratory  are consulted on technica l  matters. With the  add i t iona l  
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T A B U  I V  

USE OF SPECIALISTS WITHIN THE LABORATORY 

Moan t ime i n  consul t ing w i th  laboratory specia l is ts :  
Median t ime i n  consul t ing wi th  laboratory spec ia l i s ts :  
Range: 
Number of proposa I teams: 
Number o f  proposal competit ions: 

17.2 man-hours 
8 man-hours 
0-200 man-hours 
i56 
22 

Rolat ion o f  t ime spent consul t ing w i th  laboratory 
spec ia l i s t s  (3) to: 

Technical q u a l i t y  of t h e  proposal 

Time spent i n  I i t e r a t u r e  search 

Time spent. consul t ing w i th  outside sources 

Level of e f f o r t  

Time spent i n  ana ly t i c  design 

Time spent i n  breadboarding and other benchwork 

Proposa I team s i  ze 

Average educational leve l  of t he  proposal toam- 

IO. Size of technica l  s t a f f  

1 1 ,  Ra t io  of technica l  s t a f f  t o  t o t a l  employment 

Pa r t  i a I cor re  I a t  i ons: 
Txchnical qua1it.y w i th  level  o f  e f f o r t  constant 
(t3,0.5) 

Technical qual ity,,with t 
search constant (t3,o.l) 

Tochnical q u a l i t y  w i th  t 
outs  i de sources constant 

Technical qual i ty-wi th t 
design constant (t3,0,6) 

me spent i n  i t t d r a t u r e  

me spent consul t ing w l  
(?3,0.3) 

me spent i n  ana ly t i c  

h 

Average c o r r e l a t i o n  
c o e f f i c i e n t  

Technical y u a l i t y  w i th  proposal team s ize  
constant (t3,0.s 1 

Technical q u a l i t y  w i th  r a t i o  of, technicai s t a f f  
t o  t o t a  I employment constant (tj,~, I I 1 

Level of e f f o r t  wi th  p r o p a l  team s ize  constant 
( ;3,5.8) 
ProDosal team s ize  w i th  level  of e f f o r t  constant 

* s i g n i f i c a n t  a t  0.05 level ,  s ign i f i can t  a t  0.001 level ,  ** Rank order corre la t ions,  
r e f e r  t o  Table I I  for  the  method of ranking. 
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data now avai lable, t he  r e l a t i o n  i s  i n  the  predic ted d i r e c t i o n  (Table I V )  

but i s  weaker than expected, although s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  0.05 

level  (one-tailed), 

rank i n  f i gu re  2 i l l u s t r a t e s  the ra ther  weak r e l a t i o n  obtained. 

Re1 iance upon laboratory specla I1 s t s  i s s t rongly  re la ted  t o  the  s ize  

The p l o t  of means of normalized values for each 

of the  proposal team: the  larger the  team, the  greater t he  contact  w i th  

s p e c i a l i s t s  who are not on the  team. The increased use of laboratory 

spec la l l s t s  by larger  proposal teams can of course be a t t r i b u t e d  t o  t h e  

f a c t  t h a t  larger  proposal teams general ly spend more t ime i n  a l l  ac- 

t i v i t l e s .  The re la t ion,  however, remains strong even when cont ro l led  

for leve l  of  e f f o r t ,  ind ica t ing  t h a t  the  increased in te rac t i on  w i th  

o ther  members of the  organizat ion i s  a funct ion of the  s ize  of the  

proposal team-per se as we1 I as being a r e s u l t  of t h e i r  increased general 

e f f o r t .  

Thus we see t h a t  increasing the  s ize  o f  t he  proposal team lncreases 

I t s  a b l l l t y  t o  perform information gatherlng functions. As new members 

j o i n  the  team, they b r ing  wi th  them po ten t i a l  l f n k s  t o  d l s t a n t  p a r t s  

of the  organizat ion which may provide informat lon of value t o  the  pro- 

posal. Such po ten t i a l  communication i l n k s  develop as a r e s u l t  of an 

i nd l v ldua l ' s  experience w i th ln  the  organizat ion over a number of years. 

Increasing the  s ize  of a proposal team and br ing lng  i n  people from d i -  

verse pa r t s  of the  lab may well  be an e f f e c t i v e  way t o  make more complete 

use of the  broad range of competences aval lable,  and to st imulate greater  

l n te rac t l on  and comnunicatlon among these orgenlzat fonal  parts.  Pelz 

(1956) has shown s c l e n t i f l c  performance t o  be re la ted  t o  the  frequency 

of contact  w l th  " s c l e n t l f l c  colleagues who on the  average have been em- 
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f i e  

the  

bab 

ployed i n  s c i e n t i f i c  se t t ings  d i f f e r e n t  f r a n  one's own, who s t ress  

values d i f f e r e n t  from one's own, and who tend t o  work I n  s c i e n t l f l c  

ds d i f f e r e n t  from one's own." 

performance of a research organizat ion by increasing t h e  pro- .  

l l t y  of contact among i t s  researchers who are working i n  remotely 

This  may Ind icate a way t o  improve 

re la ted  areas. 

The larger  laborator ies (those having both large technica l  s t a f f s  

and a low r a t l o  of techs lca l  s t a f f  t o  t o t a l  employment) a re  t h e  ones 

which p r l n c i p a l l y  resor t  t o  t h l s  device. 

use men having less education i n  t h e l r  proposal teams, but compensate 

by, lncreaslng t h e  s ize  of the team and thereby I t s  propensi ty t o  In- 

t e r a c t  w i th  and gather information from o ther  segments of the  or= 

gankation. Thfs p rac t ice  not on ly  leaves t h e  technica l  spec la l i s t s  

I n  many cases, these labs 

f ree  t o  work on o ther  pro jects  wl thout ser lous ly  i n j u r i n g  the pro- 

posal 's qual i ty ,  but If has such important sfde benef l t s  as educating 

t h e  people who are asslgned t o  t h e  team, and maintaining, through 

exerclse, the  communlcation l ines  among fa r - f lung  pa r t s  of t h e  or- 

ganlzation. O f  course, such a p rac t l ce  can be ca r r i ed  too far .  I f  

too many proposal team members begin wandering about the  organizat ion 

asklng others t o  do b i t s  and pleces of t h e i r  work for them, the  p o i n t  

can easl l y  be reached where the stef  f specia I 1  s t s  wl I I have I itt l e  

t ime for t h e l r  normal asslgnments. Since the  reward s t ruc tu re  i n  R 6 D 

labs Is normally based on an evaluat ion of the  cont r ibu t ions  whlch a 

man makes w i th in  h i s  own group and disregards any con t r i bu t i on  which 

he might make as a consultant t o  another group, a p rac t l ce  such as t h i s  

i s  bound t o  arouse resentment on the  p a r t  of t h e  consultants. Th i s  can, 
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of course, be countered by moderation i n  p rac t i ce  and perhaps by 

recognizing the  value of cer ta in  o f  t h e  s p e c i a l i s t s  as consultants, 

and modifying the  reward s t ructure accordingly. 

Tlme Spent w i th  Outside Sources of Informat ion 

Many w r i t e r s  on t h e  subject of proposal preparat ion recommend 

the  use of outs ide consultants as a possible subs t i tu te  for ex- 

pe r t i se  not  avai lab le  w i th in  the  laboratory (Idf. BJorksten, 1965; 

Karger and Murdick, 1963). Conversations w i th  both proposal managers 

and professional  consultants reveal t h i s  t o  be a ra ther  popular de- 

v ice  f o r  compensating I n  spec i f i c  c r i t i c a l  areas of technology. I n  

s p i t e  of i t s  general acceptance, there Is some evidence of d i s -  

sa t i s fac t  ion w i th  the  system as present ly  used. Proposal managers 

o f ten  comp4din t h a t  they don' t  get t h e i r  money's worth from con- 

sul tants,  or t h a t  even informal, unpaid consul t fng i s  not wdrth 

t h e  t ime required (opportunity cost);  consul tants on the  o ther  hand 

rep ly  t h a t  they are brought on board too  l a t e  and then, on ly  when 

t h e  proposal team has proceeded t o o  f a r  wi th  the  remainder o f  t h e  

design I n  ignorance of the  problem area. The data support these 

complaints t o  the  extent o f  conf i rming the  existence of some ser ious 

d l f f l c u l t y  i n  the  re la t ionship between t h e  proposal team and in-  

formation sources outside of the  company. 

Outside sources were deflned t o  t h e  respondents i n  a very broad 

sense as any ind iv idua l  or group outside of the  company who made a tech- 

n i c a l  con t r i bu t i on  t o  the  problem. Th is  includes consul ta t ion on any 

basis: paid or unpaid, formal o r  informal, and would include col leagues 
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i n  profess 

as profess 

qua I 

for  

onal societ ies,  po ten t ia l  vendors, or neighbors, as wel l  

onal consultants. Tlme spent consul t ing w i th  outside 

sources represents 15.98 of the  t o t a l  lnformat lon gather ing t ime 

and 3.5% of the  proposal preparation time. I n  terms o f  t ime ex- 

pended then it i s  a r e l a t i v e l y  minor component of the proposal e f f o r t ;  

i n  terms of prov id ing key problem solut ibns It can, o f  course, be 

c r i t i c a l .  Outside sources were employed by more than one laboratory 

i n  15 of t h e  22 proposal competitions. The co r re la t i on  analys is  

which fo l lows i s  r e s t r i c t e d  t o  these 15 competit ions. 

Teams which r e l y  more heavi ly  upon outs ide sources produce poorer 

t y  so lut ions (Table V I .  Fourteen of the  f i f t e e n  co r re la t i ons  

ndlv ldual  competit ions are negative and range from -0.04 t o  

-0.74, F i ve  bf the  fourteen ind iv idual  co r re la t i ons  are s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  t h e  0.05 level .  The s ing le  posid-ive co r re la t i on  

(t7,o = 0.42, not s i g n i f i c a n t )  involves an experimental inves t iga t ion  

of p l a s t i c  f i l m  bal loon materials. F igure 3 i l l u s t r a t e s  the  inverse 

r e l a t i o n  by p l o t t i n g  an average of t h e  normalized values for  each 

technica l  rank across the  15 competitions. While the  ind ica t ions  

are indeed strong t h a t  there i s  an Inverse r e l a t i o n  between outs ide 

consul t ing and rated qual i ty ,  evidence of t h i s  sor t  should no? be con- 

strued t o  imply causal i ty .  

possess other  cha rac te r i s t i cs  which more l i k e l y  are t h e  actual  cause o f  

t h e  poor performance. The most p laus ib le  of these I s  simply t h e  lack 

of the  required technica l  compkitence w i th in  t h e  lab. Th is  i s  supported 

by strong inverse r e l a t i o n s  between the  use of outs ide sources and both 

t h e  s i z e  of the  lab 's  technical  s t a f f  and i t s  r a t i o  t o  the  lab 's  t o t a l  

Those teams which r e l y  upon outs ide help 
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employment. P a r t i a l l i n g  ou t  these two var iab les r e s u l t s  i n  a p o s i t i v e  

co r re la t i on  between the  use o f  outs ide sources and technica l  qua l i t y .  , 

Laboratories which do not  have the  necessary technica l  manpower re- 

sources attempt unsuccessful ly t o  subs t i tu te  through re l iance upon out- 

s ide technica l  personnel. The f a i l u r e  i s  probably due t o  a problem of 

communication w i th  outsiders. One o f  the more important components of 

a technica l  proposal i s  the  demonstration of an in t imate understanding 

of the  problem. Evaluators are no t  looking for  f i n a l  solut ions;  what 

they are looking f o r  i s  a good f i r s t  i t e r a t i o n  which demonstrates thorough 

Understanding of the  nature of  t he  problem being faced and of t h e  

customer's requirements. This minimizes the  r i s k  of engaging a laboratory 

t h a t  w i l l  go of f  I n  wrong d i rec t ions  and make gross ly  inaccurate pre- 

d i c t i o n s  of the  c a p a b i l i t y  or f e a s i b i l i t y  of approaches. Even when 

t h e  proposal team members themselves have a thorough understandlng of 

t h e  problem, it can be very d i f f i c u l t  and t ime consuming t o  r a l s e  an 

outs ider  t o  t h  1 s s ta te  of know ledge. 

Every R & D laboratory has i t s  own way of a t tack fng  probfems 

which members ass imi la te over time. Sane labs are noted for  t h e  con- 

servatism o f  t h e i r  designs; others are gamblers and are noted f o r  fa r -  

out  t h  i nk i ng and occasi ona 1 out stand 1 ng breakthroughs. These char- 

a c t e r i s t i c s  as we1 I as cer ta in  of t h e  long-run organizat ional  goals 

become engrained i n  the  members of the  organization. Th is  lndoc t r lna t ion  

and I t s  consequences are described i n  the  fo l low ing  manner by Slmon 

(1957) :  

The organizat ion t r a i n s  and indoct r inates i t s  members. Th is  might 
be ca l led  the  i n t e r n a l i r a t l o n  o f  inf luence because it i n j e c t s  i n t o  
t h e  very nervous systemof the  organizat ion members t h e  c r i t e r i a  



TABLE V 
USE OF OUTSIDE SOURCES OF INFOFMATION 

Mean t ime i n  consul t ing w i th  outs ide sources: 11.6 man-hours 

Range: 0-100 man-hours 
Median t ime i n  consul t ing w i th  outs ide sources: 0 

Number o f  proposal teams: 
Number of proposal competitlons: 

I16 
15 

Rela t ion  of t ime spent consul t ing with outs ide sources 
(4) to: 

0. Technical q u a l i t y  of proposal 

2. Time 

3. Time 
t h e  

5. Leve 

6. Time 

7. Time 

spent i n I i te ra tu re  search 

spent consul t lng w i th  spec ia l i s t s  w i t h i n  
a bo r a t 0  r y  

of e f f o r t  

spent i n  a n a l y t i c  deslgn 

spent i n  breadboardlng and other benchwork 

8. Proposal team s i ze  

9. Average education leve l  o f  the  proposal team- 

IO. Size of technica l  s t a f f  

I t .  R a t i o  of technica l  s t a f f  t o  to-tal employment 

P a r t i a l  cor re la t ions :  
Technical q u a l i t y  w i th  leve l  of e f f o r t  constant 

Technical qual i tyAwi th  t ime spent I n  a n a l y t i c  

Technical u a l i t y  w i th  s ize  o f  technica l  s t a f f  
constant 8 4 , o .  10) 
Technical q u a l i t y  w i th  r a t i o  OA technica l  s t a f f  

Technical q u a l i t y  w i th  s ize  o f  technica l  s t a f f  
and r a t i o  of teshnica l  s t a f f  to..  t o t a l  employ- 
ment constant (t ) 

design constant (t 1 4,0.6 

t o  t o t a l  employment constant (t 1 
4,O. I I 

4,o. IO, I I 
* s i g n i f i c a n t  a t  0.05 level, * s i g n i f i c a n t  a t  0.001 leve 

Refer t o  Table I I  for the  method of ranking. 

Average c o r r e l a t i o n  
c o e f f i c i e n t  

- 0 . 3 P  

0.31- 

0.15 

0.16 

0.25" 

0.15 

0.02 

-0.02 

-0.20 

-0 . 24* 

-0.35 

-0.28 

-0 . 24 

-0.22 

0.18 

Rank order  cor re  
- 
ation.  

Cor re la t i on  coe f f i c i en ts  i n  t h i s  tab le  are based upon data from t h e  15 proposal 
compet i t ions i n  which two o r  more laborator ies reported the  use o f  outs ide sources 
o f  information. For t h i s  reason, they w i l l  d i f f e r  from t h e i r  counterparts l n  o the r  
t a b l e s  which are  based upon a l l  22 competitions. - 24 - 
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of decis ion %hat the  organizat ion wishes t o  employ. 
zat ion member acquires knowledge, s k i l l  and i d e n t i f i c a t i o n s  or 
l o y a l t i e s  t h a t  enable him t o  make decisions, by himself as t h e  
organizat ion would l i k e  him t o  decide. 

The organi- 

The preparat ion of a proposal, which Is a document d i rec ted  to- 

ward outs iders and attempting t o  s e l l  t h e  organizat ion 's  p o i n t  o f  view 

on a p a r t i c u l a r  matter, w i l l  almost c e r t a i n l y  be based upon these in- 

te rna l i zed  decls ion c r i t e r i a .  In  order t o  make use of the  cont r ibu t ions  

of an outsider, such i m p l i c i t  ru les must e i t h e r  be conveyed t o  him o r  

h i s  completed work must be re- interpreted i n  l i g h t  of them. What t h i s  

means i s  t h a t  a greater  amount of informat ion must be t rans fer red  when 

comnunlcation takes place between the  proposal team and consul tants 

who are outs ide of t h e  company than when comnunicatlon I s  w i th  con- 

su l tan ts  w i th in  the  company. In  the  l a t t e r  case, t he  decis ion c i i t e r i a  

a re  stored In what Simon c a l l s  the  organizat ion 's  memory and do not  

have t o  be made e x p l i c i t  i n  the comnunlcation process. 

The severe t ime const ra in t  under which proposals are wr l t ten,  of 

course, magnif ies the  problem. The inadequacy o f  outs ide sources may, 

t o  a i l a r g e  extent, be a charac ter is t i c  o f  t h e  proposal preparat ion 

process. The per iod allowed i n  the  cases studied ranged from 30 days 

t o  s i x  weeks. 

e a r l y  as poss ib le  (Pihich they complain is o f ten  the  case) there  i s  simply 

I f  channels are not set  up and ou ts iders  prepared as 

i n s u f f i c i e n t  t ime t o  use them e f fec t i ve l y .  Because t h e  dysfunct ional  re- 

l a t i o n  of the  use of outside Information sources may be a product of t h e  

t ime cons t ra in t  under which proposals a re  prepared, t he  reader should be 

wary i n  ex t rapo la t ing  these resu l ts  t o  R & D p ro jec ts  of longer durat ion.  

Evidence from the  data and from in terv iews w i th  p ro jec t  managers and pro- 

fessional  consul tants leads t o  the  recomnendation t o  proposal managers 
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t h a t  they attempt t o  pred ic t  wel l  I n  advance t h e  areas i n  which they 

w i l l  need help on a proposal. The ob jec t ive  i s  t o  provide s u f f i c i e n t  

t ime t o  overcane the  apparent communication problem, so t h a t  they may 

then der ive greater benef i t  from outside sources of technical  in- 

format ion, 

Use of outside sources i s  more s t rongly  re la ted  t o  the  amount of 

t ime spent i n  ana ly t i c  design than t o  the  t o t a l  number of man-hours 

spent i n  preparat ion of t h e  proposals. Outsiders are u t i l i z e d  i n  those 

cases i n  which a greater amount of ana ly t i c  work i s  done dur ing t h e  pro- 

posal preparation period. Laboratories which spend less t ime i n  an- 

a l y t i c  work dur ing the  proposal preparat ion per iod are those which 

are probably more competent i n  the  required area and M Y  wel l  have per- 

formed the  necessary analysis p r i o r  t o  t h e  rece ip t  o f  t he  RFP ( e i t h e r  

through pre-proposal research o r  work of a s i m i l a r  nature on a pre- 

v ious contract )  or are simply more e f f i c i en t .  

spending more t ime i n  analysis dur ing t h e  proposal preparat ion per iod 

On t h e  o ther  hand, f i rms  

may be t r y i n g  t o  enter  a new business area, do no t  have r e q u i s i t e  

experience, d i d  less work in  the  area p r i o r  t o  rece ip t  of t h e  f7FP and 

have t o  rely,  a t  leas t  temporarily, upon outside competences. The 

present data are I n s u f f i c i e n t  t o  t e s t  these hypotheses, b u t ' i t  can be 

seen t h a t  outs ide sources are of l i t t l e  help i n  improving the  technica l  

ranking of the  proposal. 

The use of outside consul t ing i s  re la ted  ne i the r  t o  the  s i z e  of the  

proposal team nor t o  I t s  level of education, cont rast ing wi th  what was 

found for consul t ing w i th in  the  company. 

then not  dependent upon having more people ava i l ab le  t o  make the  contacts 

The use of outside sources i s  
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nor does It appear t o  be used to  compensate for  lack of education on 

the  p a r t  of proposal team members. Outside consul t ing i s  unrelated 

t o  consul t ing wi th  s t a f f  spec ia l is ts .  So it would appear t h a t  t he  two 

sources are consulted for  d i f f e r e n t  reasons. S t a f f  s p e c l a l i s t s  are 

probably consulted p r imar i l y  because they are handy, whereas outslde 

sources are resorted t o  only  when spec i f i c  problems ar ise.  

DISCUSSION 

The f a i l u r e  t o  f i n d  a very strong re la t i onsh ip  between use of any 

of the  information sources and rated technical  q u a l i t y  of proposals 

is somewhat surpr is ing.  

sources are not supported by the  evidence. One ra ther  important qual- 

i f y i n g  question remains unanswered. The study measured expenditure of 

e f f o r t  on ly  dur ing the  formal proposal preparat ion perlod; Work dur ing 

the  pre-proposal per iod i s  unknown. We do know from interviews w i th  

proposal managers t h a t  it i s  f a i r l y  comnon p rec t i ce  for  a t  leas t  some 

of t h e  competlng labs t o  gain an ea r l y  s ta r t .  The t roub le  i n  a t -  

tempting t o  measure a c t i v i t y  p r i o r  t o  rece ip t  of B request for  proposal 

stems from the  d i f f i c u l t y  i n  determlning the  exact s t a r t i n g  point .  

i s  o f t e n  not c lea r  even I n  the mind o f  t he  proposal manager. 

of t he  a c t i v i t y  on several e a r l i e r  p ro jec ts  could j u d l f f a b l y  be ascr ibed 

Expectations r e l a t i v e  t o  a t  least  one of the  

Th is  

Often a l l  

survey on ly  

s t a r t i n g  point :  

Since labs 

h igher  q u a l i t y  

t i v e  cor- 

t o  preparat ion for  a given proposal, For  these reasons, t he  

attempted t o  measure a c t i v i t y  performed beyond a determinate 

the  date of rece ip t  of t he  government's request for proposal 

ga in ing an ea r l y  s t a r t  can reasonably be expected t o  produce 

proposals, the net  e f f e c t  is probably a weakening of the  pos 
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re la t i ons  w.3I-h technica l  qual i ty .  

O f  t he  informat ion sources considered, l i t e r a t u r e  search probably 

su f fe rs  most from the  i n a b i l i t y  t o  measure pre-proposal a c t l v i t y .  A 

forthcoming study of ongolng R & D p ro jec ts  shows t h a t  l i t e ra tu re ,  i n  

contrast  t o  the  o ther  two sources, i s  used more heav i l y  dur ing a pro- 

j e c t ' s  e a r l i e s t  phases. So, if pre-proposal a c t i v i t y  could be proper ly  

measured, it might be expected t h a t  l i t e r a t u r e  search would show some 

pos i t i ve  co r re la t i on  w i th  qual i ty .  I n  addit ion, t he  co r re la t i on  between 

use of s t a f f  spec ia l i s t s  and q u a l i t y  might be strengthened and the  in- 

verse r e l a t i o n  between qua l i t y  and the  use of outslde sources might 

even be weakened. 

S W F t Y  AND CONCLUSIONS 

Twenty-two proposal competit ions f o r  government R b D contract ,  

invo lv ing  156 proposal teams, are examined to determine t h e  r e l a t i v e  

use of three sources of technical  information. The extent t o  which 

each proposal team re1 led .upon I i t e r a t u r e  search, t he  use of s t a f f  

spec ia l i s t s  w i th in  t h e  lab and the use o f  outs ide sources o f  informat ion 

i s  re la ted  t o  the  rated technical  q u a l i t y  o f  I t s  proposal, and t o  other  

var iab les  character iz ing the proposal team and i t s  parent laboratory, 

Twenty-two percent of the t o t a l  t ime expended by 156 proposal teams 

was devoted t o  the  seeking and gathering of technica l  Information. 

t h e  th ree  Information sources used, only one, laboratdry specia l is ts ,  

appears t o  be a t  a l l  d i r e c t l y  re la ted  t o  t h e  technlca l  q u a l i t y  of t h e  

product and t h i s  r e l a t i o n  Is weak and unre l iab le.  Technical q u a l i t y  I s  

Inverse ly  re la ted  t o  the  extent t o  which the  proposal team r e l i e s  upon 

O f  
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Ind iv idua ls  outside of the  laboratory as sources o f  information. Th is  

i s  p a r t i a l l y  explained as a r e s u l t  of the  lack of In-house ta len t ,  

w i th  t h e  use of outside scurces representing an unsuccessful attempt t o  

subs t i tu te  for t h i s  deficiency. 

Among informatlon sources, t h e  use of l i t e r a t u r e  I s  d i r e c t l y  re- 

lated t o  both in te rna l  and external consul t ing b u t t h e r e  i s  no r e l a t i o n  

between the  two types of consult ing. Most of t h e  proposal teams r e l i e d  

t o  a considerable extent upon the  l i t e ra tu re ;  I n  add l t ion  they consulted 

w i th  e i t h e r  in te rna l  or external  sources of expert knowledge o r  both. 
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